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h!lCAStJltlC-~lJl’l’l’I;I<  MISSION CONCICI)’l’  I)I;SCI?II’’J’J{ )NS
“1’wo  ]nission concc.pts  WLX sclcctd  I)y II)C NASA outr.r l’lal~c.t  Scicncc. Workii~~  ~irouj)

as scicntificwlly  wwlbwhilc.,  I)ut nlost  ilnl)or[antly  to disj)lay IIK tyl~ic:ll  range of h41 LA SlJRll-
Jupitcr missiwl possibilitic.s  with rcsjwct  to ]Iiissi(m cost :IIId c(m])lcxity.  A G:ililc:i]l  s:ltcllitc
flyby was sc.lcctcxi  for the lower cost exan]l)lc,  and a Jupiter polar orbiter sclcc[cd for the. uj~]mr
(vl(l Of tlm (“0s1 I’allgc.

J(t .SkiInlll~.r
1 ~ig,urc  4 is a view from above tlm J upi[cr  systctn.  ‘J’bc 10 Skirnmcr  spacecraft mcountcrs

10 tit tlw]mvcst  rc.]alivcs]wcd in 10’s Orbit armiid  Jupiter. liif!,urc  S is an cx]ml]dcd  vim of tllc.
cncountcr tr:ijcdory.  ‘J’lwmni]i objcctivc.  of tbc 10 $kim]ncr ~nissiotl  is to satlij)lr.  tllc 10 neutral
ntllI(xphcrc  which is tlIouglIl  to lic bclwcxm 20 and 70 kt]l fromi 10’s surf ace.. “J’his obicctivc is of
scicm[ific  interest and serves as a cl)allcn~,ingj  k.st CMC for lbc. h4}LASLJl<l  i- J~l]~itcl  rnissio]is
cOncc.1)1.  ‘1’able  1  lis[s a strawm:in 10 Skilnmcr  set of scicnm  illslrulncllts wit]) cncounlcr
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● 1(111 ~11(1 hT~\]t~iil  hliiss Sl)CCtt.{)tI)CtCI.s (5.4 kg / S.4 \\ ’it(f\):
1011 hflaw SpCCIILHIICICI:  IIow SIIock (hossitl~:  [o (IL)SCSI  A] IpIoaclI  + 1 d:iy
Ncu[Ial hlass  SIWII(MIWICI:  lIOW SII(K% (lossi[lg  [o (!l(MCSI  A] IIMO;ICII  + 1 d;iy
if 1 Iigl] llIIcIgy  (k]mlk,  (;1OSCSI A])] M(MIcII  j “/]/1  if l:[lcr:y 1,illli[txl

● x-lily IJlll(m’su’llm’ Spcclr{w’t(’l’ (1 .2 k~, / 1.2 Y1’atls):
1 II(mr of II IWiWrC’IIICIIIS  (Iuli]lg: (MSCS(  A])j)ltmctl  :{ 1 day :iTKl (; IOSCS(
App I(MIdI ~ 4 lIOIIIS
Cwllitmus  IIICaSUICIIICIIIS dulil]g: (I1OSC.SI  AplJ[(mctl:1  30 ]Iiill

● llml~in~. (\ri\,  [l\T,  I It) * (1 .2. kp, / 3.6 lVatts):
Rmlgc  (kill) Rcmluliwl  (Ildj)ixcl) IJlatllcs (: OIIIIIICIIIS

?() 1 3 Sill~lc l;mIIIC (knwa~c
3(K) 15 3 Si[lglc  J ~riil[m  (hwfi~c

20(M) 100 16 flat[lcw (4, 2x? ]I]osaics) SJIO[  (hvcraf),c

(W(K) 30[) ?4 flalllcs (?, 4x3 Illosaics) Rcgiwl:il (hvu Ngc
?0000 1 (KM) 32 f’IaIIIm  ( 8 x 4  ]Im:tic) 1~1111  II()(ly

(0000” 3000” 6 fl:lllK’S (3X? IIlosaic) 1’1111 IIotly
●  l}lawla  ICwrgclics  l’ackngc: lIOW SIIock (:lmsill~  [() (Hoscs(  AppItMI + 1 day

* 20-k III 10 Closcsl :Ijq)lodI flyby  al[i[mk (wwsl c:iw  fw ]IIcasul L’l IIcl Ils ill 20-70 kIII  Mlgc[ r:IIIgc)

10 Skinllncr  rc.quirm delivery to a 45-kllI altitude j 25-kn~. A preliminary study2
ildicalcs  sucl]  delivery accuriicy is ])ossit)lc with ra(iio-only  track il]g,. OIIC tracking l)ass ]m week
Of lmpplcr all(l rnn[ling until 30 (iays t)c.fol”c 10 Closest :IJ)JWOW]l, tllfm 011(? [riding ])2ss J) Cl” day
Of IXqq)lcr aII(i rill]g,illg, froIII  30 days hcforc  10 C1OSCSI  :iplmmch 1010 clmc.st  :ip]no:ic])  would bc
required to lncct tlw delivery rcquircmmll.  ‘1’hc 10 rl)l)c.lncris sc.lcctc.d  fOr this navig:itio]l  study
:issullics  illll~ro\~c.ll]c.llts  incorj)oriitcd frolil Illc ~i:ililco  o r b i t e r  IIlissioll.  ‘1’l]c. 10 .Skilllmm
sp:icr.craft  will c:irry [i c:imcra,  :illd optic:il n:ivig:itim would  likely  bc itlcorjm:itcd  in to  the
lllissi(m ]c:(jllil’~’lllc]lts  (Ic])r. n(lil]g  (m wsl ZK. scicl]cc ll-IC:ISLIIL:III  CI)t trade-Offs,

. N() I<-J’(j;  USC. of 1,OW ll~ic[lsity  1 ow  ‘J’clllpcl:liurc (1 .11 ,’1’)  olwla[io]ml  silicml solaI ]MIIIC1  wi(ll srco II(ia Iy

Micry
. llsc of a flal I)igti-fylill  anicIIIM ]c’flcclol  of low ]II:ISS Sh:llillg  sulqu I Sll uciulc wiill llIc sola[ ]):IIIC1
● lJsc of advalIccd  J]:ick:igillg :IiId ]Ili[li:ilu[ i7:lli(Ml lcclI]I(J(yy

J Upitcl”  AU1’O1:LI1 01)SC1”V(%
1 ‘i{:lirc  7 is a view of the Juj)itcr  sysknn  with both the apprmcl) tr:ljcctmy  and orl)it  of tlK

Jul)ite.r Atlro]iil olmrvcr  (.IAO) sl)wwcr:ifl. ‘J’llis ll-lissim]  u[ilizcs ii Ju])ikr polnr mbit 10 observe.
the. ]m]cs of J~i])itcl,  :i[]d in j):irlicul:ir the :iuror:is al lIK ]mlcs. A true tr:i~c.ctory  vim’ of the
Cmcwu]ltcr  is shown in 1 ‘iglirc  8. ‘J”:it)lc. ? I)mvi(ic.s lllr. shtiwln:il I sc.ictlcc  ot)jcctivm alId scictm
instrullicml ]Miyl Oad wilh nl:tss and ]mvc.r lc(]llilc’lllcllts. ]iigurr  9 is :i plot Of :i str:iwln:ill
cmmunlcr  pmfilc :is a function  of illstrulnc.l)t  ;iclivity, rat]~c W Ju])itcr, :i]id  til[lc  of J~ipitcr closr.st
a])pmich - derived frwn the scimcc  Ot)@tivc. s ill ‘J’dtdc 2.

‘1’hc. J!ipilc.r Aurora] Observe.r sl)nccc]-~if[  dcsijgi th;it :i(idrcsscs [hc scimm>.  ot).ic.ctivc.s
mltlimd  it] ‘J’:ihlc  2 is slimn]; iriz.c(i in l;iglirc  10. ‘1’tm  JA() sp[icccraf[ dcsig,ll  is si(nilal  to the 10
Skimmer with two i]np(wliint cxccp[ions: 1 ) (I1c JAO spacccr~if[ requires grc;itc]- propulsion
c:ilmt)ility so th:it it c:in ]mrform nl:ilmvcrs  iill]):trlil]g  IIcarly  1 .() Iitds of i!nj)ulsc 10 i[s traicclory
(iuring its mission (]]]0s( of the propdl:ill(  rcquimt will br Liscci in :icliic.villg  Jul)itcr  orbit
iimr[ion);  :ii](i 2) dcploy:iblc. sOl:ir :iwiys  of larger sim arc. required 10 allow llicklc-ctl:ltgill~,  Ihc
swxmd:iry  I):ittcry cwnsistc.nt with the JA()  10(hd:iy miss ion  scquc. t]cc cycle. lnstca(l  of mc
cncountm  wjth sutmqmml  d:il:i  p layback,  tl)c JA()  sp:icccr:lf[  could br thought  of l]avinp, tin
cncmntcr  every 100 d:iys with d:ita pl:iyt);ick  Occurl-ing during  tlm sukqucnt  1 (N days.
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I “’FY”View From South 1 rajcctory Pole
Final Crrbit:  1.0S Flj X 100 days
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‘J’able 2: Jupiter Auroral  Ohscrwr  (~AO) Science Ol~jwtives  & Strawnan l’ayload
● Science Objectives:

- Monitor the appearar,ce of Jupiter’s polar aurorac  al UV and NIR to
dotormino  the sourco  region(s) in tho magnetosphere and tho processes
responsible for produciny aurorao.

- Monitor plasma and magnetic fields at high latitudes and relate aurotal
activity to the observed state of the magrrotosptmre.

- %mondary C)b”ectivcs:
t● Lkbxnune  ho structure of Jupiter’s inner nla<g notic  flold to infer

the naturo of currents in the deep interior which produce it
● Measure tho ammonia abundance and tcmlp./prcss. profile of

Jupiter’s atmosphere fron, 0.01 bar to 2 bar at many latiluclcs (via
radio occultations ~ and derive information on atmospheric waves

● . Strawrrlan  Science Payload:
]n,strun)ent Mass3(kg)

LIV Inq)l!jy
NIR Inmqng 2
Spoctc,mmter
(.harfjod  F’articles

23’

Fhdio/Plasrrm  Wavo
?

Mo~rwtcmlc,tor 2
. . . .

1 otals 11.3

‘ Irmluclos 1 O% fc)r  nic,tc)r  wt lich can bo alirllinatoci Ic)r a spinning s/c
I Roquiros  USO  ttmt is currotily  not in payload

~ower~watts)

2
4.5’
2
2

. . . .
12.5

‘J’1X31NOI.OGY
“J’hc lnissim  and systcin  dcsigl) [IpptwicII  f(w  h41 iASllRl i- Ju])itcl is simp] y put:

Rdl y 1.W CM - l{ca!ly Simple - no R’J’Gs
‘J’hc Iwo c.xamplc,  lllissioll/systclll  dcsi~,ns cic.scribed atmvc validate this iippmadl,  ~,ivcn  that
clcmcnts of :idv:lncd  tcchnolosy  arc avail:lb]c.  Kcy clmncilts  of tcchno]ogy  dcvclopcd  by and
for tlm l’]uto 1 iasl 1;] yhy missim2  will k rcquirmi hy tk h41 LASURI L-J upitcr  missions:

● 1 ligh density/10w lnms clcc[rOnic ]mcka~ing
● A(lv:ll~cc{l/l~~icr(J  sp:lc.ccmfl  Ic.chlio]ogy” (allowing, II”lilliatL1l’i7.:ltioll  Of Inost Sllbsys[c.ins,

inclu(ling  attituk  cx)lltml,  pOwcr,  tr:lllspmldcl,  lnc.lnwy,  ]m]mlsim, and tt]cmnal  )

-1
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●  Ixwckpmcn[:

(In h4illi0ns  oil<cal Yc:Ir IMllars)

(:os!. 1 Imls $atdlilcl;  lyi)y  ~’ol:lr(hl)itcr

1 ‘iig,ht  Syskm 60 80
f)l~~,r I)i*\Jclol)lIleI)  t*” 45 53

Silt)-”1’olal 105 133
30% RcscI”\’c 3? @

‘;l’O1:ll  lxWck)JmKmt -137 -173
●  launch  %’ci]iclr:

I)cII:l Ii (7925) 55 55
Slar 30111’ (witil ln(c~raliOll) O 10
‘J’eta] 1 .:IuIIclI Vrhiclc 55 65

● h4issiol] opcra(ions  & l)ala Acquisition:
(1+’lig,ill ‘J’ilnc./l  {Ilcoulitcr  “1’imc) (2y1’s/o.5yl’s)  (2.5 yl’s/lyr)
1’os1-1 Aunch (:os1 15 25

●  ‘J’ot:Il l.ifc-Cyclc{ks(: 20”/ -263
*]I)CIL](lj*l~]~f{!jC~l  ,llflll:l~C1ll~,IIt,  ]Iljssjoll  :lll:llysis:lll(l  cllgillcclitl~,  llojccl  sciolcc,  scicncc  inslrmllcllts, :Ildlllissioll

opcraliolls syslmn dcwc.ky)lImIl.
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‘I’]~cal)()\~rf igLll”cst  {l’c.l”()~lg]l, t)ut (Ioitl(lic:[tct l):l[  h41iAS[J1/1{-J~lJ)i[crli~issiO1~cotlc~:I}ls”
can t)c. designed  to lic ill the small missiw) calcg,my.

coNcl.llsloNs
‘1’k Ml lASll Rl ;,- Jupikv concept  is an cxci[i[)g low-cost  mission a]ljmach  for cxplma[ion

of Jupi Ic.r in the pm(-(ialilm CM. ‘lllc ml]cc])l assumes lcclinOlOgy  lmita~c  fmn the l’lu10  Iiast
l;!yhy missiOn and mOdcsl :idV:lli(T.s it] lllrLx Ic.cl]l]ology”  arms: 1,11,’1’ silicon solar arrfiy cells,
1~1~1]  (11’.ilsity/l2llgc-cyclc scxxmdary ballcrics,  and lmv lnass fiat hig,h gain al)lcnflas.

‘1’llcfo~lr-~]~olltll”  study carricd out at JI’l, undcrtl]c. gui(iancc  of NASA’s (hl(c.r l’]anct
Scicmm Working  Group has  rcsultd  in the validation  of the  h41 ;ASURli-J  upik.I mnmp[.

SclcctiOll  Of scicmtifical]y  rcwavding  cc)ncc.pts fol r)cx~-lcvc]  missjoll  and syskm dcfiniiiOll  i s
schcduld  fOrlalcrin 1994 with amlysis  Ofsclmlcd  col]ccl~ls])]’occc(lil]g”  it)10  1995.  l.aunchcsas
cwrly as 2(K}0 could  bc pmsiblc. under \’arim M NASA pro~ralllmatic  stra[c~jcs.

A{; J{ NOJ$71,1tl)<;hlltN’J”
“1’hc rcxarcl)  dc.scribed in tl)is ~]a])cr  w’as cal rid out by tile Jc.i l’ro])ulsion” 1.at)oratory,”

(California ]nstitutc  of ‘J’c.chndogy,  ut]dcr contract with ttm National Acmnautics  :ind Space
A(ll~~il~is~l:l~iO1l.

Rlmlxlmclx

1.

2.

z. .

4.

‘i. .

6.

“hflinukx  and IIat]dou(s lirom (hc l:ighth Meeting of IIIC NASA OUICI. l’lancts  Scimcc
Working, GrOup~’ Appendix J, h40ffct[ };icld, CA; 22-23 Ikbruary  1994.

“lntcma] J]’], Navigation Study Rcsulls”, 11.(~.  RoIIJ & 11.(;. Williams, Jet l’repulsion
1,almratory, (klifmlia lnslitutc. of ‘1’ccl)mJlogy,  I’asaklla,  CA; 4 Iktwuary 1994.

“]’luto h4issiOn l’rogrcss  l<c]mr(: 1 mwc.r h4 ass and } Uigl)t  ‘1’i inc ‘J’hr(mgh  A(lvancd
‘1’cclIIdOgy lnscrliO  n”, R.1,, Stach]c, C( al, 44111 C(mgmss of the lt~kmationa]  Astronautical
1 ‘c.dcratim, IA] I’ l’apc.r: 93-<).5.4 I (), C;raL Austria; 16-?2 Octobci 1993.

“Pcrsmal  IJiscussiolls On Jul)itcr IJust 1 ]az.ar(l h40dcling,”, h4. IIomt]yi,  1,ASJ’-CU, ]Iou]dcr,
CO; June 1993.

“lntcrna]  J]’]. Juj)ilcr Radialiol~  Study  Rcsul(s”, J.h4. Rafliff, Jet l’repulsion 1 almratory,
California lmtituk  of ‘1’c.chnology,  l’asadcna,  CA; Ikcmibm 1993.

“l; AX C~otl~l~~tlIlic:\ti(~l~s  011 Jupitc.r h4ission  Cost IKtimatcs”, h4. Stancati & h4. Jambs,
Scimcc  A])j)licatio]ls  inmllatimal  (;()]j)()l:l[i()ll,  Schauwil)urg,  II,; 6 & 10 January 1994.
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